The use of baculovirus vectors shows promise as a tool for gene delivery into mammalian cells. These insect viruses have been shown to transduce a variety of mammalian cell lines, and gene transfer has also been demonstrated in vivo. In this study, we generated two recombinant baculovirus vectors displaying an integrin-specific motif, RKK, as a part of two different loops of the green fluorescent protein (GFP) fused with the major envelope protein gp64 of Autographa californica M nucleopolyhedrovirus. By enzyme linked immunosorbent assays, these viruses were shown to bind a peptide representing the receptor binding site of an α 2 integrin, the α 2 I-domain. However, the interaction was not strong enough to overcome binding of wild type gp64 to the unknown cellular receptor(s) on the surface of α 2 integrin-expressing cells (CHO-α 2 β 1 ) or enhance the viral uptake. After treatment of these cells with phospholipase C, internalization of all viruses was blocked or decreased significantly. However, one of the RKK displaying viruses, AcGFP(K)gp64, was still able to internalize into CHO-α 2 β 1 cells, although at a lower level as compared to non-treated cells. This may indicate the possible utilization of a PLC independent alternative route via, in this case, the α 2 β 1 integrin.
Introduction
Baculoviruses are a group of enveloped insect viruses that contain large circular double stranded DNA genomes (80-180 kbp) (1). For over a decade, the prototype baculovirus, Autographa californica M nucleopolyhedrovirus (AcMNPV) has been widely used for successful expression of a variety of recombinant proteins in insect cells. In addition, AcMNPV has been reported to be a potential vehicle for gene delivery into mammalian cells. First, AcMNPV was shown to be able to mediate gene transfer to mammalian cells of hepatic origin (2, 3), but more recently it has become clear that baculoviruses can transduce a wide range of mammalian cell lines in vitro (4, 5) . Several features make baculovirus highly attractive as a potential vector for gene therapy. These include the (i) capacity of the baculovirus genome to accommodate very large insertions of foreign DNA, (ii) the inability of the virus to replicate within mammalian cells due to the high species specificity of the promoters, and (iii) high virus titers that can easily be generated in insect cells. Recently, baculovirus-mediated gene transfer has also been demonstrated in vivo (6-9).
The cellular receptor for AcMNPV is not known, but the budded form of the virus seems to enter both insect (10) and mammalian cells (11) via a similar endocytic pathway. Since a wide range of mammalian cell types is susceptible to AcMNPV, it is likely that a ubiquitous cellular component is responsible for viral uptake (12). Several studies have been conducted to elucidate the mechanisms of the interaction between virus and cells in order to improve the efficiency of transduction. Also, excess amounts of gp64 on the viral surface enhanced transduction of mammalian cells, suggesting that gp64 plays an important role also when mammalian cell entry is concerned (13). For example, vesicular stomatitis virus (VSV) G protein has been found to improve the transduction of mammalian cells when displayed on the baculoviral envelope (13, 14) . However, showed that the VSV G protein was capable of complementing the absence of gp64. Another possible way to target baculoviruses in mammalian cells is to fuse a peptide/protein motif to gp64 as a ligand for a specific cellular receptor or antibody. Such fusion display on the surface of baculovirus particles proved to be functional by Ojala and co-workers, who showed specific binding of the gp64 fusion viruses to their mammalian target cells (16, 17) . Attractive cellular receptors for this purpose are those of the integrin family. The best known ligand motif for integrins is the RGD sequence, which is found in many extracellular proteins (18). Some viruses also utilize the RGD binding capability of integrins to bind/enter the host cell (19) (20) (21) (22) . However, here we have studied whether an integrin-specific ligand motif, RKK, can be utilized for targeting recombinant display viruses into mammalian cells. This sequence is recognized by RGD independent α 2 integrin and was originally found in the snake (Bothrops jararaca) venom disintegrin/ metalloproteinase jararhagin (23). It was shown that the circular peptidpeptide CTRKKHDNAQC (residues 241-249 of the primary sequence of jararhagin) was able to inhibit the binding of the α 2 I domain with collagen. In addition, three amino acids, arginine-lysine-lysine (RKK), and the cyclic conformation were found to be essential for the function of the peptide (23). Pentikäinen and co-workers have further investigated the details of the interaction between the RKK sequence and α 2 I domain (24).
In the present study, we have engineered the RKK sequence into the green fluorescent protein (GFP), which in turn was fused to the envelope glycoprotein gp64 of AcMNPV. The chimeric membrane protein was thereby displayed on the surface of baculovirus particles and was found to bind to its natural ligand, the α 2 I domain.
Materials and Methods

Cells
The Spodoptera frugiperda insect cell line Sf9 was grown in monolayer or suspension cultures at 27°C in serum free HyQ ® SFX-Insect medium (HyClone Inc, Logan, UT, USA) in the absence of antibiotics. Chinese hamster ovary cells (CHO; American Type Culture Collection, Manassas, VA, USA) and CHO-α 2 β 1 cells (25) were grown in monolayer cultures in α-MEM containing 10% inactivated fetal bovine serum (FBS), 1% penicillin-streptomycin, and 2 mM L-glutamate (GibcoBRL, Life Technologies, Rockville, MD, USA). For CHO-α 2 β 1 cells, geneticin (G-418; SigmaAldrich, Saint Louis, MO, USA) was added (500 µg/ml) in order to select for α 2 integrin-expressing cells only.
Plasmids
pG(GFP) Plasmid Construction:
The coding sequence for GFP was isolated from pK503-12 (26) by BglII/BamHI digestion and cloned into the BamHI site of pAcUW42 (BD PharMingen, San Diego, CA, USA).
pBlue-ss-FLAG-gp64-E Construction: First, the EcoRI site of the pBluescript II SK (Stratagene, La Jolla, CA, USA) was destroyed by EcoRI restriction followed by filling in with Klenow (MBI Fermentas, Vilnius, Lithuania) to achieve pBlue-E. The ssFLAG-gp64 fusion gene was amplified from plasmid pFLAGgp64 (27) [5′primer 5′-GCT CTA GAT ATA AAT ATG AGG ATT ATT TG-3′ and 3′primer 5′-G GAT CCT GCA GTT TAA TAT TGT CT-3 (XbaI and PstI sites are underlined)]. The XbaI/PstI-digested PCR product was cloned into the XbaI/PstI-digested pBlue-vector.
Mutagenesis of GFP and Cloning of the GFP(RKK)gp64 Fusion Gene
The integrin α 2 specific RKK (IRKK or RKKH) sequence was introduced into the GFP by the megaprimer method (28). This PCR-based site-directed mutagenesis method applies three primers (A, B, and C) and two amplification steps. In the first step, an internal mutated (IRKK/RKKH) primer was used as 5′-primer [5′-AC AAT GTA TAC ATC ATG GCA ATC CGA AAA AAG AAT GGA ATC AAA GTT AAC TTC-3′ (IRKK) or 5′-TT CG AAA GAT CCC AAC GAA AGG AAG AAG CAC ATG GTC CTT CTT GAG TT-3′ (RKKH), mismatching nucleotides are indicated] and GFPrevEcoRI (5′-T ACC GAA TTC TTT GTA GAG CTC ATC CAT GCC-3′, EcoRI site is underlined) as 3′-primer. This step generates a double stranded mutated megaprimer, which was used in the second PCR as 3′ primer with 5′ primer GFPforwBglII-6 (5′-TCG CAG ATC T GT ATG AGT AAA GGA GAA CTT-3′, BglII site is underlined) to amplify the entire mutated GFP. The RKKH mutation was created in the region 636-647 and the IRRK mutation in the region 461-473 of the GFP coding sequence in pG(GFP) (Fig. 1) . In case of the RKKH mutation, the BglII/EcoRI digested PCR product was cloned into pBlue-ssFLAGgp64-E, where it was sequenced, whereas the IRKK mutated GFP was first subcloned into pSP73 (Promega, Madison, WI, USA) for sequencing and amplification of the insert. From pSP73, the insert was further subcloned into the pBlue-ssFLAG-gp64-E vector. The ssFLAGGFP(RKK)gp64 insert was then isolated with XbaI/PstI and cloned into the SpeI/PstI digested pFastBac1 (GibcoBRL, Life Technologies) to achieve the final construct pGFP(RKK)gp64FastBac1, the sequence of which was also confirmed.
Baculovirus Production
The ssFLAGGFP(RKK)-gp64 fusion gene was transferred into the AcMNPV genome using the Bac-to-Bac ® expression system (GibcoBRL, Life Technologies). Briefly, the pFastBac1 vector containing the fusion gene was transformed into DHC10 E. coli recombinant cells, which contain the entire baculovirus genome as a bacmid. The purified recombinant bacmid DNA was transfected into Spodoptera frugiperda Sf9 cells with Lipofectin (GibcoBRL, Life Technologies) according to the manufacturer's instructions. To produce the first viral stocks, 100 µl of the budded virus from the transfected cells was used to further infect 2 × 10 6 Sf9 cells. The virus harvested from these infections was used to generate the stock viruses used for the whole study. Determination of the virus titers was carried out by end-point dilution assays (29). The IRKK displaying virus was designated AcGFP(K)gp64 and the RKKH displaying virus AcGFP(H)gp64.
SDS-polyacrylamide Gel Electrophoresis and Western Blot Analysis
To confirm that the recombinant gp64 fusion protein was intact and incorporated into the virus particles, total protein extracts from recombinant virus-infected insect cells and purified budded virus were analyzed by SDS-PAGE and Western blot analysis. At three days post infection (p.i.), cells were collected by centrifugation at 500 rpm for 5 min at +4°C. For concentration of the budded virus, the supernatant fraction was further centrifuged at 10,000 rpm for 20 min, followed by ultracentrifugation at 30,000 rpm for 30 min. The concentrated cells and viral pellets were solubilized in Laemmli sample buffer (Bio-Rad Laboratories, Hercules, CA, USA) in presence and absence of 2-mercaptoethanol (2-ME). Samples were boiled for 5 min and subjected to 10% SDS polyacrylamide gel electrophoresis. Approximately 500,000 virions were loaded in each lane. Gels were transferred to nitrocellulose sheets, blocked, and probed with either anti-AcMNPV gp64 mAb (B12D5; kindly provided by Dr. Loy Volkman), the anti-FLAG mAb M1 (Sigma-Aldrich) or anti-GFP serum A-6455 (Molecular Probes, Eugene, OR, USA). Detection of the proteins was carried out with a secondary, alkaline phosphatase-conjugated anti-mouse antibody or an alkaline phosphatase-conjugated anti-rabbit antibody (Promega) followed by the addition of NBT and BCIP (Bio-Rad Laboratories), according to the manufacturer's instructions.
Fluorescence Activated Cell Sorting (FACS)
Infection of insect cells for FACS measurements was carried out using Sf9 suspension cultures in Erlenmeyer flasks on an orbital shaker (125 rpm/min). An amount of 50 µl of virus stock was added to 2 × 10 7 cells in 20 ml of HyQ SFX medium. The infection was carried out for 72 hours at +27°C. 10 ml of the medium was centrifuged (1,000 rpm for 3 min at +4°C) and cell pellets re-suspended into 1 ml of phosphate buffered saline (PBS, pH 7,4). Green fluorescent cells were monitored using flow cytometry (FACScan; Becton Dickinson, Franklin Lakes, NJ, USA) and the data was analyzed with the CELLQUEST software provided by the manufacturer.
Enzyme Linked Immunosorbent Assay (ELISA)
The biological activity of the GFP(RKK)gp64 fusion proteins displayed on the recombinant baculoviruses was analyzed by ELISA. 96-well plates were coated with 5 µg/cm 2 (about 16 µg/ml) of gluthatione-S-transferase-rα 2 I fusion protein (23) in PBS (100 µl/well). Following an overnight incubation at 4°C, the wells were blocked with Delfia Diluent II solution (containing 7.5% bovine serum albumin; Wallac, Turku, Finland) 1:1 in PBS. After three washes with PBS, viral samples were added to the wells (100 µl/well) followed by 2 h incubation at RT. The wells were washed three times with PBS and the bound recombinant baculovirus was detected by incubation with 100 µl of mouse anti-gp64 mAb (1:1000 in PBS, 1% BSA) per well for 1 h at RT. After three washes (PBS), wells were further incubated with 100 µl of alkaline
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Binding and Internalisation Assays
Chinese hamster ovary cells (CHO) and recombinant CHO (CHO-α 2 β 1 ) cells that express α 2 integrin on their surface (25) were used. For the virus binding and internalisation assays, 50,000 cells grown on cover slips were washed with PBS. Cells used for phospholipase C (PLC; Sigma-Aldrich) treatment were incubated with 2.0 U of PLC/cover slip in serum free α-MEM (10 U/ml) for 30 min at +37°C, wheras cells used as controls or in other experiments were incubated in serum free α-MEM alone. PLC and α-MEM solutions were removed and cells washed with α-MEM containing 10% FBS and 2 × 5 min with cold sterile PBS. The PBS was replaced with virus inoculum [50 plaque forming units (PFUs) per cell in serum free α-MEM] and incubated for 1 hour on ice to prevent virus internalisation. After removal of the virus inoculum, cells were washed 3 times with ice cold PBS containing 1% BSA (BSA/PBS) for 5 min. Cover slips of time point 0 were fixed by transfer to -20°C methanol and incubated at -20°C for 6 min before transfer to PBS. For the remaining cover slips, the PBS/BSA was replaced with warm (+37°C) α-MEM containing 10% FBS followed by 30 and 60 min incubation, respectively, at +37°C and by fixation as described previously.
Immunofluorescence Labelling and Confocal Microscopy
Cover slips containing infected fixed cells were incubated with anti-AcMNPV gp64 mab (B12D5, kindly provided by Dr. Loy Volkman) diluted 1:100 in 0.5% BSA/PBS for 1h at RT. Cells were then washed 3 times for 10 minutes with PBS containing 1% BSA. After incubation with labelled (Alexa red 546 nm; Molecular Probes) goat anti-mouse mab diluted 1:400 in 0.5% BSA-PBS for 30 min at RT, cells were washed with PBS containing BSA (5 mg/ml) 3 times for 10 minutes and once with water. Finally, cells were mounted on microscope slides with MOWIOL (Calbiochem, La Jolla, CA, USA) containing 25mg/ml DABCO (Sigma-Aldrich). Fluorescent stained cells were viewed with a confocal microscope (Zeiss LSM510; Carl Zeiss, Jena, Germany).
Results
Construction of Baculovirus Transfer Plasmids
To generate recombinant baculoviruses displaying the α2 integrin-binding RKK motifs contained within GFP fused to gp64, the baculovirus transfer vectors pGFP(RKKH)gp64 FastBac1 and pGFP(IRKK)gp64FastBac1 were constructed (Fig. 1) . This was carried out by site-specific mutagenesis of the GFP cDNA by PCR and inserting the corresponding fragments into the ssFLAGgp64 cDNA between the FLAG and gp64 coding sequences. The fused ssFLAGGFP (RKKH/IRKK)gp64 fragments were then inserted into the pFastBac1 vector under transcriptional regulation of the polyhedrin gene promoter. Sequencing of the constructs showed that the mutagenesis was successful and that the constructs were correct (data not shown).
Characterization of the Recombinant Display Viruses
The SDS-PAGE and Western blots of infected Sf9 cells and purified budded virus demonstrated that the fusion proteins were expressed at relatively high levels in Sf9 cells and that they were incorporated into virus particles. However, the wtgp64 was far more abundant in virions as compared to the fusion protein itself (data not shown). When the purified virions were examined under nonreducing conditions, trimeric forms of gp64 could be seen when the proteins were probed with anti-gp64 antibody (Fig. 2a) . Similarly, anti-GFP and M1 recognised 2-3 bands with apparent molecular weights above 200 kDa indicating the presence of fusion protein as a part of trimer ( Fig. 2b and c) . However, insect 440 Riikonen et al.
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Figure 2: Western blot analysis of purified baculovirus virus particles under non-reducing conditions. Trimeric forms of wild type and chimeric gp64 proteins were detected from wtAcMNPV (lane 1), AcGFPgp64 (lane 2), AcGFP(H)gp64 (lane 3), and AcGFP(K)gp64 (lane4) with antibodies directed against gp64 (a), the FLAG epitope (b), or GFP (c).
cells infected with the recombinant virus seemed non-fluorescent when analyzed under the fluorescence microscope (data not shown). This observation was confirmed by FACS (Fig. 3) . The levels of fluorescence (Relative Fluorescence Intensity) of both recombinant viruses were almost indistinguishable from those of wtAcMNPV infected cells. However, control cells infected with AcGFPgp64 had a significantly higher level of fluorescence, indicating that the mutations made in the GFP molecule had a negative impact on the fluorescence activity rather than the fusion itself.
Binding of the Display Viruses to Recombinant α 2 I
To study the ability of the GFP(RKK)gp64 fusion proteins, displayed by the AcGFP(RKKH)gp64 and AcGFP(IRRK) gp64 baculoviruses, to bind to the ligand binding domain of α 2 integrin, called the α 2 I domain, virus containing supernatants from infected Sf9 insect cells were analyzed by ELISA assays. Both AcGFP(RKKH)gp64 and AcGFP
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(IRRK)gp64 bound to α 2 I domain coated wells more efficiently than the control viruses (wtAcMNPV and AcGFPgp64), indicating that the corresponding fusion proteins are expressed in a functional form on the surface of these recombinant viruses (Fig. 4) .
Internalization into Mammalian Cells
The ability of the AcGFP(RKK)gp64 viruses to bind as well as enter mammalian cells was evaluated by incubation of the virus with CHO cells expressing α 2 β 1 on their surface (CHO-α 2 β 1 ). Wild type CHO cells that do not express α 2 integrin on their surface were used as a negative control. The detection of virus particles bound to the cell membrane, or transferred inside the cell was carried out by using anti-gp64 antibody and confocal microscopy. The wtAcMNPV and AcGFPgp64 viruses served as controls. The level of detected virus at different time points seemed to be independent of the type of virus or cell line used, indicating that the displayed RKK sequence had very little or no effect on binding or internalization of recombinant viruses. Both control and RKK viruses bound to the cell surface (0 min), were internalized and accumulated in the cytoplasmic compartment (30-60 min) (Fig. 5) . However, cells preincubated with phospholipase C (PLC) appeared to bind baculovirus much less efficiently as compared to nontreated cells. Almost no cells containing internalized virions were found at any later time points (Fig. 5) . Although there were no significant differences between the different viruses and cell lines, the α 2 β 1 expressing cells treated with PLC contained increased levels of AcGFP(K)gp64 virus at 60 min post transduction supporting the functionality of RKK on the surface of baculovirus.
Discussion
Baculoviruses are known to transduce a wide range of mammalian cells of various origin (2-5, 30). However, they are incapable of replicating in mammalian cells due to the insect cell specific promoters (31-33). These two features have made them good candidates as gene delivery vehicles. Despite several studies concerning binding and internalization of baculoviruses, the cellular receptor in either insect or mammalian cells is still unknown (2, 10-13, 34). Since so many cell lines can be transduced, the baculovirus receptor has been presumed to be some ubiquitous cell membrane molecule. For example, phospholipids have been speculated to participate in baculovirus intake in mammalian cells (13). The relatively unspecific binding of baculovirus to mammalian cells can therefore, in some cases, be a problem regarding its use for gene delivery purposes. However, improvement of the efficiency of baculovirus binding and/or uptake should make it more suitable as a tool for gene therapy. The major envelope protein of budded AcMNPV, gp64, is responsible for binding and internalization of virions in insect cells and has most likely a similar role also in the case of mammalian cells. Thereby, it has been a target for modifications in studies concerning binding and internalization of AcMNPV (35-37). In addition, it has been used as a fusion partner for display purposes (27, (38) (39) (40) (41) (42) (43) (44) . Ojala and co-workers engineered recombinant baculovirus particles, which showed enhanced binding to mammalian cells via displayed gp64 fusion proteins (16, 17) .
In this study, we generated baculoviral vectors displaying an integrin-specific sequence, RKKH, as an internal part of the green fluorescent protein on their surface in order to study targeting of baculoviruses into mammalian cells expressing α 2 integrin. This integrin, which forms a heterodimer with β 1 integrin, acts as a collagen or laminin receptor depending on the cell type (45) and is upregulated in many malignancies where it correlates with invasiveness and metastatic potential (46-48). Due to its enhanced expression in cancer cells, it might be a potential receptor for genetically engineered baculoviruses designed for gene delivery. Echovirus 1 (EV1) is known to utilize α 2 β 1 integrin as a receptor (49).
Mottershead and co-workers showed that the GFPgp64 fusion is functional when displayed on the viral surface (27). We, therefore, chose this fusion construct as a scaffold for the RKK motif. Since the structure of gp64 is not known, the known loops of the GFP were thought to hold the RKK in correct conformation. However, when the cells infected with either AcGFP(H)gp64 or AcGFP(K)gp64 were examined under the fluorescent microscope the fluorescence was significantly reduced. This observation was also confirmed by FACS studies. The result was unexpected, at least with respect to IRKK, since the mutations were designed not to interfere with the fluorescence. This is due to three amino acids (Ser 65, Tyr 66, and Gly 67) located almost in the centre of the GFP cylinder (50). The loops of GFP have been previously examined in order to find sites in the molecule that could accommodate peptide insertions without seriously disturbing the function of the protein. Two sites in GFP, loop 6 (Q157-K158) and 7 (Q172-D173), were found to be the most suitable to accommodate peptide insertion and allowed GFP to retain fluorescence, with only a slight decrease in fluorescence intensity compared to the wild type GFP (51). The IRKK mutation was placed in loop 6, which should not affect the function of GFP, while the RKKH mutation was placed in loop 10, where the peptide insertions made by Abedi and coworkers (51) were found to cause a decrease in fluorescence. Another possible explanation for the decreased fluorescence is the missing Glu-6 of GFP coding sequence used as a template (David Mottershead; personal communication). However, this GFP gene has been shown to be functional (26) despite the missing residue, so it is more likely that the replacement of some residues of GFP, while not directly responsible for fluorescence, caused the malfunction. Perhaps peptide insertions might have been more useful instead of mutations, which destroyed the original residues of GFP.
The ELISA assay showed that the RKK motifs of GFPgp64 displaying viruses were functional. The absorbance of α 2 I coated wells containing these viruses was almost twofold compared to control viruses, indicating significantly increased affinity to the α 2 I domain. Both RKK displaying viruses bound their natural ligand at similar levels, so other residues than the essential RKK sequence had no effect on binding. Similarly, the loop where the mutation was introduced did not seem to affect the binding efficiency. Even IRKK, which was located near the fusion part, was as functional as the theoretically better located RKKH mutation. No difference in binding between the viruses used in this study was observed when an irrelevant protein (BSA) was used (data not shown) supporting the specificity of the α 2 I domain-RKK binding interactions. In addition, the wild type GFP displaying baculovirus (AcGFPgp64) has shown low binding efficiency when other irrelevant proteins have been used as antigens (16, 41).
Although both RKK motifs were clearly recognized by the α 2 I domain, the integrin-expressing cells (CHO-α 2 β 1 ) were not transduced more efficiently by either of the designed viruses. At 0 min, binding of all viruses seemed to be equal and at later time points the level of internalised virus seemed to be even slightly decreased with RKK viruses. The higher concentration of wild type gp64 on the surface of a virus particle, observed by immunoblotting, most likely caused the wild type internalisation of the virus, which might also be more effective and rapid than the possible entry via the RKK-integrin interaction. This might explain the reduced internalisation of RKK viruses if they at least partially used the novel entry route. The time points used were chosen based on the known endosomal escape time of wild type virus in a mammalian cell line being approximately 50 min (11). Because the antibody used here recognizes the envelope protein gp64, later time points seemed irrelevant.
To prevent binding of wild type gp64, pre-treatment with phopholipase C (PLC) was included. This enzyme has been suggested to inhibit baculovirus transduction of mammalian cells (13). The results from pre-treated cells confirmed this, but any specific binding of RKK viruses could not be observed. However, at 60 min post transduction there seemed to be more AcGFP(K)gp64 virus inside the α 2 expressing CHO cells. The EV1, using α 2 β 1 integrin as a receptor, internalises together with it via the novel caveolae route instead of the clathrin-dependent route used by many other viruses (52). The route that the RKK displaying baculovirus uses can only be speculated, but is presumably similar since it is the only known internalization route mediated by α 2 β 1 integrin. If so, it suggests that it could be possible to alter the entry route of baculovirus into mammalian cells that would open new dimensions with respect to the development targeted baculovirus vectors for gene delivery purposes.
To get truly targeted baculoviruses it is essential to either find an interaction strong enough to overcome the natural binding via wild type gp64 or to engineer virus particles containing only gp64 fusion proteins. To find a ligand-receptor pair with a strong interaction and where the binding also triggers the events leading to successful internalisation might be difficult as seen in the study by Ojala and co-workers where the strongly induced binding did not increase transduction (17). Therefore, viruses without wild type gp64 might offer a better tool to design mammalian cell targeted baculoviruses. However, gp64 is needed for efficient budding of the virus from the insect cells (53) as well as for membrane fusion during endosomal escape (54) and is functional as trimer (55, 56) . Any fusions or modifications of gp64 might therefore interfere with these functions. This may also explain why the majority of gp64 molecules on the viral envelope was wild type (57) despite that the fusion forms were expressed at higher levels as seen with immunoblotting studies with infected cell lysates (data not shown). However, the fusion protein was shown to be able to form trimers indicating that they can, at least at some level, carry out the normal functions of gp64 in virus formation. The success of endosomal escape was not be evaluated in this study due the envelope-specific antibody detection and the lack of a marker/reporter gene.
